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See-Through System Using LiDAR for Tele-Operated Construction Machines

Tatsuki NAGANO, Hiromitsu FUJII, Tatsuya KITTAKA, Masataka FUCHIDA,
Yutaro FUKASE, Shigeru AOKI, Tomohiro NARUMI, Atsushi YAMASHITA and Hajime ASAMA

Demand for teleoperation of construction machines at disaster sites is increasing to prevent the secondary disasters. In

teleoperation, operaters can see the environment using cameras mounted on the construction machines. However, there
is a problem that the camera images have blind spots occluded by obstacles such as the arm of the construction machine
itself, which cause a decrease of work efficiency. This paper presents a method to generate images with few blind spots
by seeing through foreground obstacles and visualizing background objects. The proposed method uses two RGB cameras
and LiDAR to acquire texture data with the three-dimensional information of the environment. And then, it projects the
background image acquired by one camera to the other camera by using the three-dimensional information, and integrates
the two camera images into a see-through image. In the experiment with an actual construction machine, we succeeded in

generating see-through images in real time.

Key words: diminished reality, teleoperation, construction machine, LiDAR, outdoor environment, texture mapping

1. F E

MR JlmE k7 ¥ D SEEBE T, FEAOLE LM
L, “IXSHEORAERMIFIZZEEAME LT, MAORES:
MRS 5 Z Iz X A SHIR I A E o T WwB Y,

WHEHRETIE, ARV —Z BT ERL 2D A SO &%
MERLADVSEERTS RN THS. FTOB, HAS
WG D FREF DI & R FEA DIFEIT X B EEhROME T ASHRE &
BoTWa D, TOMRAEL LT, #A528MERLT,
Bz R BlE D S OMUS R IRRT 5 Z L TIEWHE 2 R4 5 2
i fizirbhTEE Y. Lo L, SEESEhoFRL—&
I, FMOTE= 2R RRUEEAICEREDE=ZDA%E M
LTWBZEMEHEhTWE?, 20k, HHOE=2%R
AR SESET DI 2, ARV —RADHMIZ DA SE
EWSRELEH B Y. LihioT, FEENEEmEIEL40
121, SENLELFEADDRN 1 DOMEEIERTSHZ EHE
MChdLEISND.

BEBGIZB T 2BBOEERERD 1 22 LT, AHET
BR1OXS527—o%2AT5HEEHWEZENTON L F
O BRI R E Y TH, MO TRIZIZE 2) IKRT &
BT T LIFENBEEAOT X2y F AV MOS0
THED, =75 %2HHTIZETHLUFONE - Bili2175.
ZD, HMFERETHRL MEEERTIICE, =7 50OHHE

* RS ERE30ESHITH
HWigeE  EHR30ET7HI3H
AT HEIRFERFN CRaUi sl AR 7-3-1)
o FEET RO (TEEREAER I 2-17-1)
Tz AR CRRe LAk U o /U3 B SR I 47 2-1)
IE & 0 HEAPRYR
T SRR E (RSB ch s B 5URG 2-16-1)

(b) The view from the camera mounted
on the arm

(a) A nibbler
Fig. 2 The problem in tele-operation of construction machines

RGN A T 2 O S I D B % Ul v R B R BT H
5. HEROMEGHERTIE, M20b) TRTL5UW=TI5ERTA
T EIA LA A T o DM EAEDbNh TE R, Ll
OWUGETIE, W T=7 I L BMAMBELTED, Z0
B (BUF, Tt IER) ORREEET 5 2 LB RATHRTH
5. ZOXSRRETRERENREEEHERTERWD, M

BRI 2R:E/Journal of the Japan Society for Precision Engineering Vol.84, No.12 2018 1085



ERFRRAGZE DT O DBMNRIBICH T DERDBERD AT L

BWA L ¥ O Rk EALEREDZ2HATUE S Z PR
IZTEET BRI T 2 fEmhEL 5. LEdoT, 12
O ET= 7 IR KL 2D F 2 R HRARER Z 2 H3%
BEWTHD.

iifrh DFEMA ORI N LT, AL TIRIERY 2 EH LT
KoM g (BAF, BEHMYR LT 2AEmT 2 FHEICEET
5. EHEMRIER A D BRI, TOWROM&REELST
e TEHENS. TRONBERAGT L FHEE LT, JHi
B R Y Y YL TE L FHE DO R P Ol FEN D S H
ETAFHEDY PREINTWS, LhL, EFEEEcRiEs
BH=diTiF, RHBEBIIBWTEHEEROEHORREA S 4
YTHG - RTHZLPBRBERARTHL-D, ThoDF
B TE R

%72, Enomoto 5 1%, M 2 Pl Thd L {ELET
BEBELTVWA Y, ZOFETIE, HBEOIRATHSE
T GG A SE R AR L > THS R ERLUTERT A Z
LCHEEMEER LTS, L, ALFniifEdas
HBUGE 2 PO EFmIZIELT A Z LIZRETH Y, ZoRER
AT E R,

HzEAVFA0T, POIRTWCIIEGTEFELELT,
FHHE S B O RGB-D £ VY 2 MW FHEERELTWS
D12 RGB-D £ HiE, HATOMMGIZINZ THlisD LI
JESR A RS AR VY TH B, BEIE A & 0 3 T
SR LTHUET 5 22T, MEDIEEEMAA~OERDiEL
BB, FRTE-T, EEEED S OMEE | DORMITH
W BT B Z e TEEHM G EERLTWS. L L, —B
IZEMEZXANT WS RGB-D Y D% 1E, HFKEMHHL
THHEZIT->TWW5B., FTDd, KEROBEINK S NEIEE
BiTlk, FRAEOTARD MR TIERMZHIERTEYS, BN
TOMFHIZREZINAEFIETHS.

—fiic, BHcofllfiFE L LT LiDAR (Lighting Detection
and Ranging) £MFENS, L —H3E% 7z Time of Flight /5
XD VYHRHVWEATWS., A% T, LIDAR TE60
53T ERCTHBEAEDO I A TG 2HaTs 81
&oT, RUDOBABBUZBWTA Y S 4 v CEENSE LK
TEZEEAMETS.

2. 77Fo—+

2.1 ERH
# 1 ECOMiRD S EBEFEMM L TR EERMEFELTO
LS5l s.

1 DOMUG EClifd & £ oWt E R fR TR Z &
BRI cHE A fEd Z &

FA I A TSR TRER Z &

TG % ERERALIICIRR TR Z &

AL X OMEELTIE, 1 2OBEET=T 5 L 70 E
RTELILHEETHY, FANETIE, BEHMGEOERIZ
Lo TIDMEDMIERS. F£i-, HRMFETIIEEEINT
Widrot, BABBIAOMEMEZEELTWS, MAT, bk
BETOBHEEL TV B OBUED A v 5 1 DR R
THb. AMRIZBVWTAYSAUTHB LR, Lr¥hoik
5T F AR A B I UEE L TR 7 MG A 4R R B Z &
Th5. Ffs iz & 2@ OMRERHEORSA <L — 21z
3 BMATIE, 9 fps TOMGIRRTHMEMICH 245 Z

Arm of
construction machines

Fig. 3 The schema of the system

Main camera

iv) Projection i) Acquire position
d crientation
Obstacls\ - ok i
D Triangle \\ by calibration in advance

mesh

iii) Texture
Point cloud mapping
acquired by LiDAR

A

s
Sub camera
+ LIDAR

Fig. 4 The flow of the proposed method
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Fig. 13 Calculation time of mesh generation
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